Abstract. The conserved charges of non-abelian gauge theories are systematically investigated in the framework of the manifestly-covariant canonical formalism. An internal-symmetry superalgebra consisting of 4n + 5 generators is found in the Landaugauge case of the Yang-Mills theory, where n denotes the dimension of the gauge group. Likewise, a superalgebra consisting of 4 x 6 + 5 generators is found in the internal-Lorentz (local-Lorentz) part of the vierbein formalism of quantum gravity. It is pointed out that there is a complete parallelism between both superalgebras.
I. Introduction
The manifestly-covariant canonical formalism for the Yang-Mills theory and quantum gravity based on the BRS symmetry has recently been developed quite successfully [1] [2] [3] [4] [5] . It has been revealed by closer investigations that the structure of this formalism is much more profound than expected at the beginning: Among others, we have found quartet mechanism [1, 3] , a new invariance of the theory under "another BRS" transformation [4] , and, most surprisingly, the presence of a sixteen-dimensional Poincar6-1ike superalgebra in the case of quantum gravity [5] . The last one is an unexpectedly large superalgebra containing 144 generators.
Usually, one knows under what transformations one's theory is invariant, because it is formulated so as to embody the invariance property. In this case, one can find the corresponding conserved currents by means of Noether's theorem and then have the symmetry generators. The method adopted in [5] is a reversed one: From the field equations we find many conserved currents directly and construct the corresponding charges, most of which are the generators of hidden symmetries, namely, symmetries whose existence is not anticipated from the outset. The transformations induced by hidden symmetries can be found explicitly by calculating the (anti-) commutation relations between the charges and field operators.
The aim of the present paper is to apply the above method to the gauge theories of internal symmetries, that is, to the Yang-Mills theory and to the internalLorentz (local-Lorentz) part of the vierbein formalism of quantum gravity. In Sect. 2, we briefly review the sixteen-dimensional Poincar6-1ike superalgebra of quantum gravity for clarifying our motivation. In Sect. 3, we construct conserved charges in the YangMills theory, following the method explained above. We find 4n + 5 independent charges in the Landaugauge case, where n denotes the dimension of the gauge group. In Sect. 4, the (anti-)commutation relations are calculated between each charge and each field operator and between any pair of charges. The considerations made in Sects. 3 and 4 are extended to the internal-Lorentz part of the vierbein formalism in Sect. 5. We find there that it is completely parallel with the Yang-Mills theory as far as the (anti-) commutation relations between charges are concerned. Some remarks are made in the final section.
Poincard-like Superalgebra in Quantum Gravity
In order to clarify our motivation, we briefly review the sixteen-dimensional Poincar6-1ike superalgebra found in the manifestly-covariant canonical formalism of quantum gravity [5] .
In this theory, in addition to the gravitational field g ~ and matter fields, we have an auxiliary fields ~2 and two Faddeev-Popov (FP) ghosts c ~ and g. 
M(X, Y) -~d3xj~ Y) = -e(X, Y)M(Y,X). (2.7)
Here one should note that X and Y are not arguments but merely indices. The translation generators P, the generators, . 14 ~u of the general linear algebra, the BRS charge Qb, and the FP-ghost charge Q~ can be expressed as Then we can show [51 that
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+ e(X, Y)~(Z, U)t/(X, U)M(Y,Z) -e(Z, U)tl(Y, U)M(X,Z)]. (2.15)
Thus our sixteen-dimensional superalgebra is quite akin to the PoincarO algebra in its appearance. The above consideration can be straightforwardly extended to the case of quantum electrodynamics [51, because the auxiliary field B and two FP ghosts satisfy the d'Alembert equation. But no remarkable result is found because those fields have no index.
Conserved Charges in the Yang-Mills Theory
We extend the method described in Sect. 2 to the case of the Yang-Mills theory. We employ the notation of [l] .
The Lagrangian density of the manifestly-covariant canonical formalism of the Yang-Mills theory is
Here B a is the auxiliary scalar field, c a and U being the (hermitian) FP ghosts; D/4 and 9/4 denote the covariant derivatives, e.g., 
